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(54) Positioning apparatus 



(57) Positioning apparatus arranged in a vacuum at- 
mosphere comprises: a supporting means including a 
combination of a magnet arranged on a bottom plate 
and an electromagnet arranged on a top plate so that 
the spring element can virtually be disregarded; and a 
linear motor enabling driving for performing positioning 
of a substrate subjected to positioning without a contact 



and including a magnet on a movable member side and 
a coil on a stationary member side. The positioning ap- 
paratus employs a noncontact heat controller to exter- 
nally control the temperature of the substrate without a 
contact, through a radiation plate, Peltier element and 
cooling plate supported by a supporting member of the 
bottom plate, and a black body arranged on the top plate 
opposed to the radiation plate. 
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Description 

FIELD OF THE INVENTION 

[0001] The present invention relates to a positioning 
apparatus for performing positioning of a target object 
in a vacuum atmosphere, which is preferably employed 
by an exposure apparatus transferring a pattern of an 
original plate onto a substrate, or a device manufactur- 
ing method employing the exposure apparatus, or the 
like. 

BACKGROUND OF THE INVENTION 

[0002] In order to achieve a highly accurate position- 
ing, it is necessary for a positioning apparatus to en- 
hance a vibration isolation characteristic of a position - 
ing-target object. To isolate vibrations from an external 
portion, the position ing-target object is supported by an 
extremely weak spring element and driven by Lorentz 
force. Employing a weak spring element makes it pos- 
sible to virtually disregard the spring property, and em- 
ploying the Lorentz force cuts off transmission of a vi- 
bration between a stationary member and a movable 
member and isolates the vibration from an external por- 
tion. 

[0003] For empty-weight supporting means having a 
spring element, for instance, a mechanical spring, per- 
manent magnet, or electromagnet or the like may be 
used. For driving means employing Lorentz force, a lin- 
ear motor or the like may be used. As a result of the 
attempt to enhance the vibration isolation characteristic 
of the positioning-target object, the posit ion ing-target 
object will have a structure that has virtually no physical 
contact with an external portion, in some cases, a non- 
contact structure. 

[0004] Heat enters or exits by thermal conduction, 
convection, or radiation. However, in a vacuum atmos- 
phere, entrance or exit of heat by convection does not 
occur. Furthermore, as mentioned above, as a result of 
the attempt to enhance the vibration isolation character- 
istic of the positioning-target object, the positioning-tar- 
get object has a structure that has virtually no physical 
contact with an external portion. Therefore, the amount 
of thermal conduction is very limited. 
[0005] In other words, when a vibration isolation char- 
acteristic of a positioning-target object is to be enhanced 
in a vacuum atmosphere, since the amount of heat of 
the positioning-target object is not emitted externally by 
thermal conduction or convection, the amount of heat is 
accumulated in the positioning-target object. In such 
case, even if the amount of inflowing heat [W] is small, 
because it is extremely hard for the heat to escape ex- 
ternally, the amount of heat [J] gradually accumulates, 
and the temperature of the member gradually rises. 
[0006] Particularly, in a case of an exposure appara- 
tus, the amount of heat, e.g., exposure heat, chuck heat 
(in a case of using an electrostatic chuck) and so on, 



flows into a substrate and its accompanying members 
when exposure is performed. As the amount of heat ac- 
cumulates, the temperature of the members, such as 
the substrate or the like, rises. 

5 [0007] In general, precision instrument dislikes a tem- 
perature rise of members. Taking an exposure appara- 
tus as an example, the temperature rise causes various 
detrimental effects, such as poor exposure accuracy 
caused by thermal deformation of a substrate subjected 

10 to positioning, or poor positioning accuracy caused by 
a change in a measurement reference resulting from 
thermal deformation of a top plate supporting the sub- 
strate, and so on. 

[0008] A refrigerant pipe may be provided to the po- 

15 sition ing-target object to realize heat recovery using a 
refrigerant. However, a refrigerant pipe can become a 
vibration transmission factor that transmits an external 
vibration to the positioning-target object through the re- 
frigerant pipe, or can become a source of a vibration 

20 caused by a refrigerant flowing through the pipe or a 
force disturbance induction due to deformation of the 
pipe at the time of driving. Therefore, providing a refrig- 
erant pipe is not preferable from the standpoint of the 
primary object of a positioning apparatus (vibration iso- 

25 lation of a positioning-target object). Furthermore, if a 
sensor for measuring a temperature is directly pasted 
on the positioning-target object, the outgoing line of the 
sensor deteriorates the vibration characteristic as simi- 
lar to the refrigerant pipe. 

30 [0009] Accordingly, it has been an issue how to pre- 
vent the temperature rise of the positioning-target object 
by recovering the heat flowed to the apparatus in a vac- 
uum atmosphere, while ensuring the vibration charac- 
teristic (vibration isolation characteristic), that is, the po- 

35 sition ing characteristic. 

SUMMARY OF THE INVENTION 

[001 0] An embodiment of the present invention seeks 
to to provide a positioning apparatus, which has a high vi- 
bration isolation characteristic from an external portion 
in a vacuum atmosphere and enables temperature con- 
trol of a positioning-target object while maintaining the 
vibration isolation characteristic. 
45 [0011] An embodiment of the present invention pro- 
vides a positioning apparatus for performing positioning 
of a target object in a vacuum atmosphere, comprising: 

a first structure; 
50 a second structure which is movable relative to said 
first structure and supports the target object; and 
a heat exchange portion performing heat exchange 
between said first structure and said second struc- 
ture by utilizing radiation. 

55 

[0012] Other advantages of the present invention will 
be apparent from the following description taken in con- 
junction with the accompanying drawings, in which like 
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reference characters designate the same or similar 
parts throughout the figures thereof. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0013] The accompanying drawings, which are incor- 
porated in and constitute a part of the specification, il- 
lustrate embodiments of the invention. 

Fig. 1 is a view showing a construction of a main 

part of a positioning apparatus according to a first 

embodiment of the present invention; 

Fig. 2 is a detailed view of a linear motor driven for 

performing positioning in the positioning apparatus 

according to the first embodiment of the present in* 

vention; 

Fig. 3 is a detailed view of a radiation portion of Fig. 
2; 

Fig. 4 is a view showing a construction of a main 
part of a positioning apparatus according to a sec- 
ond embodiment of the present invention; 
Fig. 5A is a plan view showing a construction of a 
radiation plate in a case where the embodiment 
shown in Fig. 4 is combined with a coarse-adjust- 
ment stage; 

Fig. 5B is an elevation view showing a construction 
of a radiation plate in a case where the embodiment 
shown in Fig. 4 is combined with a coarse-adjust- 
ment stage; 

Fig. 6 is a view showing a construction of a main 
part of a positioning apparatus according to a third 
embodiment of the present invention; 
Fig. 7 is a view showing a structure of a positioning 
apparatus in a case where laser cooling is em- 
ployed by the positioning apparatus of the fourth 
embodiment of the present invention; 
Fig. 8 is a conceptual view of a semiconductor de- 
vice production system seen from one angle, which 
employs the positioning apparatus according to the 
present invention; 

Fig. 9 is a conceptual view of a semiconductor de- 
vice production system seen from another angle, 
which employs the positioning apparatus according 
to the present invention; 

Fig. 10 is a concrete example of a user interface; 
Fig. 11 is a flowchart explaining a device manufac- 
turing process; and 

Fig. 12 is an explanatory view of a wafer process. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0014] Preferred embodiments of the present inven- 
tion wil! now be described in detail in accordance with 
the accompanying drawings. 



<First Embodiment 

[0015] Fig. 1 is a view showing a construction of a po- 
sitioning apparatus according to the first embodiment of 

5 the present invention. 

[0016] The positioning apparatus 1 comprises: a bot- 
tom plate 110 as the first structure, a top plate 111 as 
the second structure which is movable relative to the 
bottom plate 110, and a heat exchange portion which 

10 exchanges heat between the bottom plate 110 and top 
plate 111 by utilizing radiation. The heat exchange por- 
tion is constructed with a radiation plate 200 arranged 
on a supporting member 211 that is fixed to the bottom 
plate 110 and a black body 203 arranged on the back 

15 surface of the top plate 111. 

[0017] In the case of this embodiment, positioning-tar- 
get objects are the substrate 114, electrostatic chuck 
113, and top plate 1 1 1 as well as its accompanying mem- 
bers. The electrostatic chuck 1 1 3 and substrate 1 1 4 are 

20 placed on the top board 111. The top plate 1 1 1 and bot- 
tom plate 110 are made of ceramics. Only one of them 
may be made of ceramics. A temperature sensor 115 
which constitutes the temperature measurement unit is 
provided on the top plate 111, the side surface of the 

25 electrostatic chuck 113, and each of a plurality of radia- 
tion plates 200. 

[0018] The positioning apparatus 1 employs one (or 
two depending on the structure) linear motor in the X 
direction (not shown), two linear motors (or one depend- 

30 ing on the structure) in the Y direction (not shown), and 
three linear motors 300 in the Z direction (two of them 
are shown in Fig. 1), the total of six or more linear motors 
in a vacuum atmosphere. The detailed construction of 
the linear motor, serving as a driving device for driving 

35 a position ing-target object, is shown in Fig. 2. The linear 
motor 300, comprising a movable member 101 and a 
stationary member 102, performs driving for fine-adjust- 
ing the positioning of a position ing-target object in six 
degrees of freedom with respect to each of the X, Y, and 

40 z directions as well as the rotative directions of X, Y, and 
Z axes. Utilizing the Lorentz force in positioning enables 
vibration isolation of the position ing-target object, e.g., 
top plate 111 or the like, from the external portion. 
[001 9] A coil 1 1 9 of the linear motor 300 provided on 

45 the stationary member side is covered with a jacket J. 
Since a temperature-controlled refrigerant supplied 
from a cooler 107 flows in the jacket J, the amount of 
heat of the coil 1 1 9 is recovered by the cooler 1 07 of the 
driving device external portion. By virtue of this heat re- 

50 covery, the top plate 1 1 1 can be prevented from a tem- 
perature rise caused by heat of the coil 119 being trans- 
mitted to the top plate through the air or a member. The 
cooling intensity of the cooler 1 07 is controlled by a cool- 
ing amount controller 1 05. Each linear motor 300 is of 

55 a movable magnet type, and the coil 1 1 9 that produces 
heat is placed on the bottom plate 1 1 0 side, so that there 
is no heating factor on the top plate 111 side. For this 
reason, the movable member 101 including a magnet 
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120 is provided to the top plate 111 , and the stationary 
member 102 is provided to the bottom plate 110. 
[0020] The positioning apparatus 1 comprises an 
empty weight compensation mechanism as a support- 
ing apparatus which receives an empty weight of the top 
plate 111 and its accompanying members (including 
substrate 1 1 4). According to the empty weight compen- 
sation mechanism., the bottom plate 110 supports the 
top plate 111 without a contact by virtue of a magnetic 
repulsion produced by a combination of an electromag- 
net (not shown) provided on the bottom plate 110 (first 
structure) and a magnet (not shown) provided on the top 
plate 111 (second structure). In the empty weight com- 
pensation mechanism, a magnetic flux feedback is ap- 
plied to the electromagnet to control the magnetic force, 
thereby keeping the spring element extremely small so 
that vibration of the bottom plate 1 1 0 does not influence 
the top plate 111. Note that as the spring element, a me- 
chanical spring or the like may be utilized besides the 
combination of the permanent magnet and electromag- 
net. 

[0021] The bottom plate 110 and a coarse-adjustment 
stage (not shown) are tightly connected. Furthermore, 
a central core 121 and coil 119 constitute an electro- 
magnetic joint between the bottom plate 110 and top 
plate 111. The electromagnetic joint is controlled such 
that a force is transmitted from the bottom plate 11 0 to 
the top plate 111 when the coarse-adjustment stage (not 
shown) is accelerated or decelerated. With the help of 
the electromagnetic joint, the positioning apparatus 1 
supplements the large force necessary to accelerate or 
decelerate the coarse-adjustment stage, thereby mini- 
mizing the heat of the linear motor 300 utilizing the in- 
efficient Lorentz force. 

[0022] The substrate 1 1 4 which is the position ing-tar- 
get object as well as the chuck 113 and top plate 111 
which are the supporting member of the substrate 114 
are physically connected to the bottom plate 110 and 
external portion (a surface plate supporting the bottom 
plate, a structure constructing the exposure apparatus, 
and so forth) only with a small electric wiring, such as a 
sensor or the like. 

[0023] As exposure operation is performed, heat is 
produced from the substrate 114 and electrostatic chuck 
11 3 due to an exposure light L. However, because of the 
above-described configuration, the amount of heat 
transferred to peripheral gas or liquid, or transferred by 
thermal conduction through a solid object is small 
enough to be disregarded. As a result, the temperature 
of the positioning-target objects, such as the substrate 
1 1 4, chuck 1 1 3, top plate 1 1 1 and so forth gradually ris- 
es. 

[0024] As a measure to the temperature rise, accord- 
ing to this embodiment, the temperature of the radiation 
plate 200 is set low, e.g., 0 to 10°C, depending on the 
necessary amount of heat transfer. Since the tempera- 
ture of the radiation plate 200 is low, heat of the posi- 
tioning-target objects, such as the top plate 111, trans- 



fers from the backside of the top plate 1 11 to the bottom 
plate 110 through the radiation plate 200 due to radia- 
tion. Accordingly, it is possible to dissipate the amount 
of heat flowed to the substrate 114, chuck 113, and top 

5 plate 111 or the like through the radiation plate 200 with- 
out a contact, thus preventing a temperature rise in 
these members. Furthermore, the radiation plate 200 
has plural radiation areas with appropriate spacing. Ac- 
cordingly, a partial temperature difference due to the 

10 temperature distribution of the top plate 1 1 1 can be min- 
imized. 

[0025] Fig. 3 is a detailed view of the heat exchange 
portion including the radiation plate 200, and the neigh- 
boring portion. 

15 [0026] Reference numeral 200 denotes a radiation 
plate provided on the bottom plate 110 side. The surface 
of the radiation plate 200 opposed to the top plate 111 
is the black body 203. Reference numeral 201 denotes 
a Peltier element provided on the back surface of the 

20 radiation plate 200. Reference numeral 202 denotes a 
cooling plate provided on the heat exhaust side of the 
Peltier element. The cooling plate 202 exchanges heat 
with a temperature-controlled refrigerant sent through a 
pipe 108. Reference numeral 211 denotes a supporting 

25 member for fixing the radiation plate 200, Peltier ele- 
ment 201 , and cooling plate 202 to the bottom plate 110. 
The black body 203, provided on the top plate 111, faces 
the radiation plate 200. 

[0027] In order to perform efficient heat exchange by 
30 radiation, the black body 203 is formed with a material 
having a high emissivity (about 0.8 to 1 ). Although a res- 
in material has a high emissivity in general, the first em- 
bodiment employs particularly little-degassing resin as 
the black body taking the usage in a vacuum atmos- 
35 phere into consideration . Examples of a little-degassing 
resin are: polyimide resin, PEEK resin, fluorocarbon res- 
in, silicone resin and the like. The black body 203 is 
formed by pasting these resin on the surface of the ra- 
diation plate 200 or top plate 111. Note that fluorocarbon 
40 resin and silicone resin can be made to have an adhe- 
siveness and coated on the surface as a blackbody 
coating material to be set in. 

[0028] Furthermore, to prevent the black body 203 
from degassing due to adhesion, a resin film may be 

45 formed on the surface by deposition. Moreover, the 
black body may be of another material other than an or- 
ganic matter such as resin. For instance, glass, or cop- 
per or steel having a thick layer of oxides may be used 
as a black body. Resin has a high emissivity, but also 

50 has a large degassing characteristic. On the contrary, 
glass, or metal having a thick layer of oxides has a low 
emissivity, but has a small degassing characteristic 
compared to resin. Therefore, it is desirable to select a 
material of the black body in accordance with the cir- 

55 cumstances. Note that the radiation plate 200 may be 
formed with a blackbody material itself. 
[0029] Since the circulation refrigerant circulating the 
pipe 1 08 is provided on the bottom plate side, the refrig- 
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erant does not impose a negative vibration effect on the 
positioning-target object. Herein, the amount of electri- 
fication to the Peltier element 201 is adjusted such that 
the just right amount of heat is recovered from the tem- 
perature-control targets (substrate 114, chuck 113 sup- 
porting the substrate, and top plate 111 supporting the 
above members as well as temperature sensor 115). 
The adjustment of the amount of electrification is per- 
formed based on the outputs of the temperature sensor 
115 provided to the radiation plate 200, temperature 
sensor 115 provided to the temperature-control targets, 
and the amount of heat flowed to the temperature-con- 
trol targets (substrate 1 1 4, chuck 1 1 3, and top plate 111) 
which is calculated and estimated by a central control 
device that controls the entire apparatus such as the ex- 
posure light L and positioning apparatus 1 . 
[0030] Furthermore, in order to minimize the amount 
of radiation heat that flows into the temperature-control 
targets (substrate 114, chuck 113, and top plate 111), 
the jacket surface Su covering the coil 1 1 9 which is the 
heat source, the core 121 opposed to Su, and the mag- 
net 120 as well as the surface Su portion peripheral to 
the magnet 120 are made of a material having a low 
emissivity of 0.1 or lower. 

[0031] More specifically, the surface Su is nickel-plat- 
ed or aluminum foil is pasted thereon. The metal film of 
the surface Su is formed with a nonmagnetic material in 
order to reduce an influence on a magnetic circuit of the 
magnet or electromagnet. Moreover, the metal plate is 
made thin, 50 u,m or smaller, to suppress negative influ- 
ences on the positioning, which is caused by an eddy 
current that occurs in a case where a relative motion is 
generated between the jacket J and magnet 120. 
[0032] Furthermore, for a structural member, such as 
the core 121 , which originally has a low emissivity, the 
emissivity can be lowered further by polishing the sur- 
face. By virtue of the above construction, it is possible 
to minimize transmission of the heat, generated in the 
coil 119, to the temperature-control targets (substrate 
114, chuck 113, and top plate 111) by radiation. 
[0033] Moreover, in order to minimize the heat trans- 
fer between the coil 1 1 9 and portions other than the heat 
source such as the coil 119, and to limit heat entrance 
and exit of the temperature-control targets (114, 113, 
111) through the radiation plate 200 only, it is better to 
construct the entire surface of the temperature-control 
targets (114, 113, 111) with a I ow-emissivity material as 
much as possible, by for instance applying a metal film 
to their surfaces. By virtue of suppressing heat entrance 
and exit with an external portion, effects imposed on the 
members subjected to tight temperature control, e.g., 
optical system or the like : can be minimized. 

<Second Embodiment 

[0034] An example of a positioning apparatus accord- 
ing to the second embodiment is shown in Fig. 4. 
[0035] The positioning apparatus 2 recovers heat of 



the substrate 114 and, if necessary, the chuck 113 as 
well as top plate 1 1 1 serving as the supporting members, 
through the radiation plate 200 which is supported by 
an external structure 215. The basic positioning mech- 
5 anism is the same as that of the first embodiment. The 
installation form of the radiation plate 200 and so forth 
that constitutes the heat exchange portion is different 
from that of the first embodiment. 
[0036] According to this embodiment, heat can be di- 
10 rectly recovered from the substrate 114 which directly 
receives exposure heat and chuck heat. Therefore, 
highly precise temperature control of the substrate 114 
is possible. The radiation plate 200 and structural mem- 
bers thereof have an exposure light through hole 204 
15 on the optical axis of the exposure light L so as not to 
obstruct the exposure light L. Further, the temperature 
sensor 1 1 5 using a radiation thermometer is provided to 
a part of the radiation plate 200. This is for measuring a 
temperature of the positioning-target objects (114, 113, 
111) without a contact so as to prevent a vibration char- 
acteristic from being deteriorated by providing the tem- 
perature sensor 115 on the positioning-target objects 
(substrate 114, chuck 113, and top plate 111). 
[0037] The radiation plate 200 is formed larger than 
the positioning-target objects, and is divided into appro- 
priate areas. In accordance with the relative position re- 
lation between the radiation plate 200 and substrate 
1 1 4, a certain area of the radiation plate 200 only is set 
in a temperature that can expect the radiation effect and 
other areas of the radiation plate 200 are set in a tem- 
perature (e.g., room temperature) that does not affect 
others. 

[0038] By virtue of setting the temperature as de- 
scribed above, when the substrate 114 is moved in the 
plane surface direction by the positioning apparatus 2, 
heat transfer by radiation is precisely performed on the 
substrate 114, chuck 113, and top plate 111, and the in- 
fluence of radiation is not imposed on other members. 
In the case of an example shown in Figs. 5A and 5B, 
the radiation plate 200 is divided into 6x6 division areas. 
Each of the division areas of the radiation plate 200 is 
provided with the Peltier element 201 , and the division 
areas have a common cooling plate 202. 
[0039] Accordingly, the temperature of each area can 
independently be changed at liberty. Therefore, for in- 
stance, if the substrate 1 1 4 only is to be cooled, the tem- 
perature of the area of the radiation plate 200 opposed 
to the substrate 114 is decreased and areas of the radi- 
ation plate 200 which are not opposed to the substrate 
114 are set to an approximate room temperature. Even 
if the relative position between the substrate 114 and 
radiation plate 200 is changed as a result of exposure 
operation, the temperature of the substrate 114 can be 
controlled with precision. Furthermore, by virtue of the 
above configuration, it is possible to prevent tempera- 
ture variation, caused by radiation, on the members oth- 
er than the substrate 114, such as a surface plate 206 
opposed to the radiation plate 200, a coarse-adjustment 



25 



30 



35 



40 



45 



50 



5 



3NSDOCID: <EP 1 28622 1A2_L> 



9 



EP 1 286 221 A2 



10 



guide 207 neighboring the coarse-adjustment actuator 
205, and so forth. 

<Third Embodiment 

[0040] Fig. 6 is a view showing a positioning appara- 
tus according to the third embodiment. 
[0041] The positioning apparatus 3 according to the 
third embodiment comprises in the heat exchange por- 
tion a radiation plate 200 opposed to the back surface 
of the top plate 111, and a radiation plate 300 opposed 
to the back surface of the chuck 113. The heat flowed 
to the substrate 114 (either a wafer or mask) and the 
heat generated in the chuck 1 1 3 are recovered through 
the radiation plate 300. A small amount of heat gener- 
ated from the sensors or the like of the top plate 111 is 
recovered by the radiation plate 200. 
[0042] The temperature rise of the positioning-target 
objects (substrate 114, electrostatic chuck 113, and top 
plate 111 and its accompanying members) is sup- 
pressed by these radiation plates 200 and 300. Similar 
to the black body 203 opposed to the radiation plate 200, 
a black body 303 is provided on the back surface of the 
chuck 1 13 opposed to the radiation plate 300. The radi- 
ation plates 200 and 300 are arranged respectively on 
the Peltier elements 201 and 301 on the cooling plates 
202 and 302 which are supported by respective support- 
ing members 211. In the third embodiment, the chuck 
113 serves as the second structure. Since the bottom 
plate 110, coil 119, magnet 1 20 and so forth are basically 
the same as that of the first embodiment, redundant de- 
scriptions will not be provided. 

[0043] In the positioning apparatus 3, a part of the top 
plate 111 has a hole H. If the hole H cannot be provided 
in the top plate 1 1 1 because of the rigidity of the top plate 
111, it may be constructed such that at least a part of 
the top plate 1 1 1 is formed with a material that transmits 
an infrared ray. 

<Fourth Embodiment 

[0044] Fig. 7 shows a positioning apparatus accord- 
ing to the fourth embodiment. 

[0045] Note that components identical to or corre- 
sponding to those of the embodiment shown in Fig. 1 
are referred to by the same reference numerals. 
[0046] The positioning apparatus 4, adopting laser 
cooling for a non-contact heat controller, comprises a 
laser cooling apparatus 208 which constitutes a temper- 
ature adjusting mechanism. 

[0047] In general, irradiation of an oscillation wave- 
length variable laser to a low-frequency side of a reso- 
nance absorption area of an atom gives a vibration that 
cancels atomic movement of a target object. Therefore, 
this can achieve a cooling effect. On the contrary, irra- 
diating a high-frequency side enhances the atomic 
movement, thus can achieve a heating effect. Descrip- 
tio ns of the detailed theory are left to the document, such 



as Journal of the Physical Society of Japan : vol. 43, No. 
7, 1988 and so on. 

[0048] With the use of this technique, irradiation of a 
cooli ng laser beam in accordance with a constituent ma- 

5 terial can cool the target object. 

[0049] The positioning apparatus 4 of the fourth em- 
bodiment employing the foregoing nature irradiates a 
cooling laser beam from the laser cooling apparatus 
208, which performs appropriate laser oscillation to the 

10 substrate 114 by canting a laser beam axle AX, to sup- 
press a temperature rise caused by heat due to expo- 
sure operation. The cooling laser beam is irradiated par- 
ticularly to the portion where the exposure light L is ir- 
radiated on the substrate 1 1 4 or the peripheral area of 

15 this portion. Accordingly, the temperature rise due to 
heat can quickly be suppressed, and effects of the tem- 
perature rise imposed on the peripheral members can 
be repressed. 

20 <Embodiment of Semiconductor Production System> 

[0050] Next, a description is provided on an example 
of a production system of a semiconductor device (sem- 
iconductorchip such as an IC or LSI, liquid crystal panel, 

25 CCD, thin-film magnetic head, micro machine and so 
on), which employs an exposure apparatus comprising 
the positioning apparatus according to the present in- 
vention. According to this embodiment, trouble shooting 
or periodic maintenance of a manufacturing machine in- 

30 stalled in a semiconductor manufacturing factory, or 
maintenance service such as supplying software are 
performed by using a computer network outside the fac- 
tory. 

[0051 ] Fig. 8 shows an entire semiconductor device 

35 production system seen from one angle. Reference nu- 
meral 1101 denotes an office of a vendor (supplier) sup- 
plying semiconductor device manufacturing machines. 
Examples of the machines are semiconductor manufac- 
turing machines for various processes in a semiconduc- 

40 tor manufacturing factory, such as pre-process devices 
(an exposure apparatus, resist processors, lithography 
device such as an etching device, heat processor, dep- 
osition device, planarization device and so on) and post- 
process devices (assembling device, inspection device 

45 and so on). 

[0052] The office 1101 includes a host management 
system 1108 for providing a maintenance database of 
the manufacturing machines, plural operation terminal 
computers 1110, and local area network (LAN) 1109 

50 which constructs an intranet by connecting the afore- 
mentioned computers. The host management system 
1108 includes a gateway to connect the LAN 1109 with 
an external network, i.e., Internet 1105, and a security 
function which limits external accesses. 

55 [0053] Meanwhile, reference numerals 1102 to 1104 
denote factories of a semiconductor manufacturer, 
namely, a user of the manufacturing machines. The 
manufacturing factories 1 1 02 to 1 1 04 may belong to dif- 
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ferent manufacturers., or a single manufacturer (e.g... 
factory for pre-processes and factory for post-process- 
es). Each of the factories 1102 to 1104 includes a plu- 
rality of manufacturing machines 1106, a local area net- 
work (LAN) 1111 which constructs an intranet by con- 
necting the machines 1106, and a host management 
system 1 1 07 serving as a monitoring apparatus to mon- 
itor an operation condition of each manufacturing ma- 
chine 1106. 

[0054] The host management system 1107 provided 
in each of the factories 1 1 02 to 1 1 04 includes a gateway 
to connect the LAN 1111 of each factory with an external 
network, i.e., Internet 1105. By virtue of the above con- 
struction, an access to the host management system 
1 1 08 of the vendor 1101 is possible from the LAN 1111 
of each factory via the Internet 11 05. An access to the 
host management system 1108 is allowed only to limited 
users permitted by the security function. 
[0055] More specifically, status information indicative 
of an operation condition of each manufacturing ma- 
chine 1106 (e.g., a symptom of a troubled apparatus) is 
notified from the factory to the vendor through the Inter- 
net 1105, and a response to the notification (e.g., in- 
struction to cope with the trouble, or software and data 
for trouble shooting) or maintenance information such 
as the latest software or help information is transmitted 
from the vendor to the factory. 

[0056] A communication protocol (TCP/IP) generally 
used in the Internet is adopted for the data communica- 
tion between each of the factories 1 1 02 to 1 1 04 and ven- 
dor 1101 , and for data communication within each fac- 
tory through the LAN 1111. 

[0057] In place of the Internet serving as an external 
network of the factory, a high-security leased-line net- 
work (ISDN orthe like) that does not allow an access of 
a third party may be used. Furthermore, the host man- 
agement system is not limited to the one provided by a 
vendor. A database constructed by a user may be pro- 
vided to an external network to allow accesses from the 
user's plural factories. 

[0058] Fig. 9 shows an entire semiconductor device 
production system seen from an angle different from 
that of Fig. 8. 

[0059] In the above example, plural user factories 
each having manufacturing machines are connected 
with the management system of the vendor through an 
external network, to communicate information regarding 
production management in each factory or information 
about at least one of the manufacturing machines. On 
the contrary, in the example shown in Fig. 9, a factory 
having manufacturing machines of plural different ven- 
dors is connected with management systems of respec- 
tive vendors of the plural manufacturing machines 
through an external network to communicate mainte- 
nance information of each manufacturing machine. 
[0060] In Fig. 9, reference numeral 1201 denotes a 
manufacturing factory (semiconductor device manufac- 
turer), namely, a user of the manufacturing machines. 



Provided in the production line of the factory is the man- 
ufacturing machines for various processes, for example ; 
exposure apparatus 1202, resist processor 1203, and 
deposition device 1 204. Note that although Fig. 9 shows 

5 only one factory 1 201 , in reality, plural factories are con- 
nected through the network. Each of the machines in 
the factory is connected by a LAN 1206, thereby con- 
structing an intranet. A host management system 1205 
controls an operation condition of the production line. 

10 [0061] Meanwhile, offices of the respective vendors, 
e.g., exposure apparatus manufacturer 1210, resist 
processor manufacturer 1220, and deposition device 
manufacturer 1230, comprise host management sys- 
tems 1211 , 1221 , and 1231 respectively to perform re- 

is mote maintenance of the respective machines provided. 
Each host management system has a maintenance da- 
tabase and a gateway to the external network as men- 
tioned above. The host management system 1205 
which manages each machine of the user's factory is 

20 connected with the management systems 121 1 , 1221 , 
and 1231 of the respective vendors through an external 
network 1200, i.e., the Internet, or an leased-line net- 
work. 

[0062] If a trouble occurs in one of the series of man- 
25 ufacturing machines in the production line, operation of 
the production line is halted. However, the trouble may 
quickly be handled by receiving remote maintenance 
from the vendor of the troubling machine through the 
Internet 1200. Accordingly, the halt of the production line - 
30 can be minimized. 

[0063] Each manufacturing machine installed in a 
semiconductor manufacturing factory comprises a dis- 
play monitor, a network interface, software stored in a 
storage device for accessing a network, and a computer 
35 for executing the software to operate the machine. For 
the storage device, a built-in memory, hard disk, or net- 
work file server may be used. 

[0064] The software for accessing a network includes 
a multipurpose or exclusive web browser. Such software 
provides a user interface, such as that shown in Fig. 10, 
on the display monitor. With the use of this interface, an 
operator managing the manufacturing machines in each 
factory inputs information, e.g., a model 1401 of the 
manufacturing machine, a serial number 1402, a title of 

45 the trouble 1403, date 1404, a level of urgency 1405, a 
symptom 1406, a trouble shooting method 1407, a fol- 
low-up 1408 and so on, in the respective areas of the 
screen. The inputted information is transmitted to the 
rnaintenance database through the Internet, and in re- 

50 sponse, appropriate maintenance information is re- 
turned from the maintenance database and displayed 
on the monitor. 

[0065] Moreover, the user interface provided by the 
web browser realizes hyperlink functions 1410 to 1412 
55 shown in Fig. 10. An operator can access to more de- 
tailed information of each item, download the latest ver- 
sion of software for the manufacturing machine from a 
software library provided by the vendor, or pull up an 
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operation guide (help information) as a reference for a 
factory operator. 

[0066] Herein ; the maintenance information provided 
by the maintenance database includes information re- 
lated to the present invention described above. In addi- 5 
tion, the software library provides the latest software for 
realizing the present invention. 

[0067] Next, a description is provided on a manufac- 
turing process of a semiconductor device, utilizing the 
above-described production system. Fig. 11 shows a 10 
flow of an overall semiconductor device manufacturing 
process. In step S1 (circuit design), a circuit of a semi- 
conductor device is designed. In step S2 (mask produc- 
tion), a mask on which the designed circuit pattern is 
formed is produced. In step S3 (wafer production) , a wa- 1$ 
fer is produced with a material such as silicon. In step 
S4 (wafer process), which is called a pre-process, an 
actual circuit is formed on the wafer with the use of the 
mask and wafer by a lithography technique. In step S5 
(assembly), which is called a post-process, a semicon- 20 
ductor chip is produced by using the wafer produced in 
step S4. Step S5 includes assembling process (dicing, 
bonding), packaging process (chip embedding) and so 
on. 

[0068] In step S6 (inspection), the semiconductor de- 25 
vice manufactured in step S5 is subjected to inspection 
such as an operation-check test, durability test and so 
on. The semiconductor device manufactured in the fore- 
going processes is shipped (step S7). The pre-process 
and post-process are performed in different dedicated 30 
factories. Each of these factories can receive mainte- 
nance services of the above-described remote mainte- 
nance system. Among these pre-process factories and 
post-process factories, information related to production 
management or machine maintenance is communicat- 35 
ed through the Internet or leased-line network. 
[0069] Fig. 1 2 shows a flow of the aforementioned wa- 
fer process in detail. In step S11 (oxidization), the wafer 
surface is oxidized. In step S1 2 (CVD), an insulating film 
is deposited on the wafer surface. In step S1 3 (electrode 
formation), an electrode is deposited on the wafer. In 
step S14 (ion implantation), ion is implanted on the wa- 
fer. In step S15 (resist process), a photosensitive agent 
is coated on the wafer. In step S1 6 (exposure), the circuit 
pattern on the mask is exposed and printed on the wafer 
by the above-described exposure apparatus. In step 
S17 (development), the exposed wafer is developed. 
[0070] In step S18 (etching), portions other than the 
developed resist image are removed. In step S1 9 (resist 
separation), unnecessary resist after the etching proc- 
ess is removed. By repeating the foregoing steps, mul- 
tiple circuit patterns are formed on the wafer. The man- 
ufacturing machine employed in each of the above steps 
is maintained by the aforementioned remote mainte- 
nance system. Therefore, troubles can be prevented be- 
fore occurring, and even if a trouble occurs, quick recov- 
ery is possible. Accordingly, the productivity of a semi- 
conductor device can be improved compared to a con- 



ventional level. 

[0071] According to the positioning apparatus of the 
present embodiments, it is possible to perform temper- 
ature control of a positioning-target object without dete- 
riorating a vibration isolation characteristic. The empty 
weight compensation of the positioning apparatus can 
be realized without any contact by utilizing a magnetic 
force or Lorentz force, and the vibration isolation char- 
acteristic can further be improved. 
[0072] The non-contact heat controller can readily be 
achieved by utilizing radiation or laser cooling. The ra- 
diation plate and the portion where the radiation temper- 
ature control is operated are formed with a surface hav- 
ing a high emissivity to enhance efficiency of the radia- 
tion temperature control. On the contrary, the portion 
where the radiation temperature control is not operated 
is formed with a surface having a low emissivity to sup- 
press an effect of the radiation plate's temperature. Ac- 
cordingly, unpredictable heat transfer is eliminated, and 
efficiency of the temperature control is improved. 
[0073] The present invention is usable not only for a 
substrate and its accompanying members, but also for 
an optical system which necessitates precise position- 
ing, particularly a mirror or the like. 
[0074] Arranging the radiation plate opposed to a tem- 
perature-control object improves radiation efficiency. 
Moreover, performing temperature control of the radia- 
tion plate with a Peltier element or heat pipe : and cooling 
the heat exhaust side of the Peltier element with a re- 
frigerant achieves efficient heat recovery. Furthermore, 
setting a temperature of the refrigerant to approximately 
the same level as an atmospheric temperature can pre- 
vent the coolant temperature from giving a negative ef- 
fect on other members. 

[0075] In a case where a positioning-target object 
largely moves, the radiation plate is divided into plural 
areas to enable independent control of the radiation 
amount in each area in accordance with the relative po- 
sition relation between the positioning-target object and 
radiation plate. Accordingly, radiation temperature con- 
trol can be performed only on the positioning-target ob- 
ject with precision, and an influence on portions other 
than the positioning-target object can be eliminated. 
[0076] Constructing an exposure apparatus with the 
above-described positioning apparatus can achieve a 
superior exposure performance to conventional per- 
formance. Furthermore, adjusting the radiation amount 
of the radiation plate based on a signal of the central 
control device controlling the exposure operation can re- 
alize highly accurate temperature control with an excel- 
lent response. 

[0077] Moreover, the device manufacturing method 
and apparatus according to the present invention can 
stably supply high-precision devices at a low cost. 
[0078] The present invention is not limited to the 
above embodiments and various changes and modifi- 
cations can be made within the scope of the present in- 
vention. 
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Claims 

1. A positioning apparatus for performing positioning 
of a target object in a vacuum atmosphere, charac- 
terized by comprising: s 

a first structure; 

a second structure which is movable relative to 
said first structure and supports the target ob- 
ject; and 10 
a heat exchange portion performing heat ex- 
change between said first structure and said 
second structure by utilizing radiation. 

2. The positioning apparatus according to claim 1, 15 
characterized by comprising means for supporting 
said second structure in a state such that said sec- 
ond structure is vibration-isolated from said first 
structure. 

20 

3. The positioning apparatus according to claim 1, 
characterized in that said heat exchange portion 
comprises a black body portion arranged in each of 
said first structure and said second structure so as 

to be opposed to each other. 25 



justs a temperature of said second structure 
without a contact. 

9. The positioning apparatus according to claim 8, 
characterized by comprising a supporting device 
for supporting said second structure in a state such 
that said second structure is vibration-isolated from 
said first structure. 

10. The positioning apparatus according to claim 8. 
characterized by comprising means for supporting 
said second structure without a contact. 

11. The positioning apparatus according to claim 9, 
characterized by comprising means for supporting 
said second structure with a mechanical spring. 

12. The positioning apparatus according to claim 8, 
characterized in that said temperature adjusting 
mechanism includes a laser cooling apparatus. 

13. The positioning apparatus according to claim 8, 
characterized by comprising a driving device 
which drives said second structure relative to said 
first structure. 



4. The positioning apparatus according to claim 1, 
characterized in that said heat exchange portion 
is arranged in each of said first structure and said 
second structure so as to be opposed to each other, 

* and comprises as its surface at least one of resin, 
glass, or a layer of oxides. 

5. The positioning apparatus according to claim 1 , 
characterized in that a radiation plate which trans- 
fers heat from said second structure is divided into 
a plurality of areas. 

6. The positioning apparatus according to claim 1, 
characterized by comprising either a Peltier ele- 
ment or a heat pipe for transferring heat from the 
radiation plate. 

7. The positioning apparatus according to claim 1 , 
characterized in that the heat transferred from the 
radiation plate is recovered by a refrigerant having 
approximately the same temperature as that of an 
atmospheric temperature or a peripheral structure. 

8. A positioning apparatus for performing positioning 
of a target object in a vacuum atmosphere, charac- 
terized by comprising: 

a first structure; 

a second structure which is movable relative to 
said first structure and supports the target ob- 
ject; and 

a temperature adjusting mechanism which ad- 



14. The positioning apparatus according to claim 8, 
characterized by comprising a driving device 
which drives said second structure without a con- 

30 tact. 

15. The positioning apparatus according to claim 8, 
characterized by comprising a temperature meas- 
urement portion which measures a temperature of 

35 the target object subjected to positioning. 

16. The positioning apparatus according to claim 8, 
characterized in that at least one of said first struc- 
ture and said second structure is made of ceramics. 

40 

17. The positioning apparatus according to claim 8, 
characterized in that said second structure is ei- 
ther a chuck supporting the target object or a top 
plate supporting the chuck. 

45 

18. The positioning apparatus according to claim 8, 
characterized in that the target object subjected 
to positioning is a temperature-control subject, 
wherein a portion subjected to temperature control 

50 is formed with a material having a high emissivity 
and a portion not subjected to temperature control 
is formed with a material having a low emissivity. 

19. An exposure apparatus characterized by compris- 
es ing the positioning apparatus according to claim 8. 

20. The exposure apparatus according to claim 19, 
characterized in that a radiation amount of heat is 
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adjusted based on a signal of a central control de- 
vice controlling exposure operation. 

21. A device manufacturing method manufacturing a 
device by utilizing the exposure apparatus accord- 
ing to claim 19. 
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(54) Positioning apparatus 



(57) Positioning apparatus arranged in a vacuum at- 
mosphere comprises: a supporting means including a 
combination of a magnet arranged on a bottom plate 
and an electromagnet arranged on a top plate so that 
the spring element can virtually be disregarded; and a 
linear motor enabling driving for performing positioning 
of a substrate subjected to positioning without a contact 



and including a magnet on a movable member side and 
a coil on a stationary member side. The positioning ap- 
paratus employs a noncontact heat controller to exter- 
nally control the temperature of the substrate without a 
contact, through a radiation plate, Peltier element and 
cooling plate supported by a supporting member of the 
bottom plate, and a black body arranged on the top plate 
opposed to the radiation plate. 
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